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Abstract
This paper reports from usability testing of four particular prototypes designed for elderly people. The prototypes use Tangible 
User Interfaces (TUI) to provide alternative interactions that are more suitable for elderly people. TUI opens up possibilities of 
making technology more available to elderly people and can take age impairments into consideration by creatingsystems that are 
more adapted to the specific user group. We use the framework of Hornecker and Buur to categorize our prototypes within the 
theme of spatial interaction. This is seen as a subcategory of TUI where the humans and objects in space is central, and how the 
relationship and interaction between human and objects interplay. We explore how we can investigate spatial interaction during 
prototyping of assistive technology for elderly people through the four prototypes from our own empirical context.
© 2015 The Authors.Published by Elsevier B.V.
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1. Introduction
Tangible User Interfaces (TUI) is a broad term involving many different forms of interaction. The aim of this 
study is to look at how TUIs can impact the design of assistive technologies for elderly people to help compensate 
for age-related impairments. Findings presented by Spreicer[1] shows that tangible design allows for the 
development of new technologies that are easy to learn and suitable for elderly users without prior knowledge of 
technical systems. As presented by Ishii and Ullmer[2], TUIs are interfaces that connect digital information to 
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physical objects and environments. Hornecker and Buur[3] argue that there is a broad range of systems that falls in 
the category of tangible interaction and present a framework for TUI consisting of four different themes. In this 
paper, we focus on the theme of spatial interaction. This theme is described as interaction that uses your own body 
or objects in space, and uses the positioning of these objects or the body as a form of interaction. The goal of this 
paper is to explore how we can investigate spatial interaction during prototyping of assistive technology for elderly 
people based on tangible interaction. We start by looking at how spatial interaction is definedas a part of tangible 
interaction in related work. We then look closer at related work to find examples of tangible interaction used in the 
context of assistive technology that lies close to the theme of spatial interaction.We use the framework by Hornecker 
and Buur[3]and the five categories that make up spatial prototyping to help facilitate a usability test of our own 
prototypes. The method and prototypes are described before reporting from the results of the usability test. The 
paper ends with a discussion of spatial interaction.
2. Spatial interaction
Sharlin, Watson, Kitamura, Kishino and Itoh [4] focus on the relationship between human and physical objects 
and present three heuristics; physical/digital mappings must be successful spatial mappings, unify input and output 
space and enable trial-and-error activity. Theyfurther define spatial TUIs as a “subset of TUIs that mediate 
interaction with shape, space and structure” (p. 338), and state that TUIs can exploit previous knowledge of how 
people acts in their environment, using abilities learned early in life. Using these abilities along with intuitive spatial 
mappings of physical objects, we can create successful TUIs. Another definition of spatial interaction is presented 
by Cho, Kim and Kim [5] who has gathered key properties of TUIs to create a framework focused on elderly people. 
This framework includes spatial interaction and is defined as “skills for controlling and coordinating within their 
environment, while being aware of their own physical bodies” (p. 50). Fernaeus, Tholander and Jonsson[6] describe 
TUIs as a shift from an information-centric to an action-centric approach. A more philosophical view is chosen 
where physical artifacts are understood as having “deeper social and personal purposes in shared, collaborative 
space of physical and bodily activity that users engage in”(p. 225). 
Kim and Maher [7] focuses on spatial cognition, but states that the “meaning of ‘space’ to the designers is not an 
abstract of empty space, but rather of the identity and the relative locations of the objects in space” (p. 83). Space 
can be seen as something that can be decomposed into objects and the spatial relationship among these objects, to let 
a design be able to satisfy intended functions, these relationships may have functional reasoning. They also state that 
touch can be referred to as a spatial modality, accentuating its close linkage between motor and spatial processes. 
Klemmer, Hartmann and Takayama[8] suggest that the purposes of tangibility is to provide natural mappings and 
leverage our familiarity with the world, and exemplifies this with using virtual objects positioned in virtual space by 
moving physical handles in physical space. They state that a “body-centered view looks at how the actions that we 
perform with a system contribute to task transparency” (p. 142). Marshall, Rogers and Hornecker [9] study how 
TUIs can facilitate learning and how sharable interfaces support participation in a group setting. Theor work 
suggests that TUIs can offer learning benefits in collaboration through shared space that can increase visibility of 
action, increase awareness and learning. It can also enable users to manipulate physical artefacts outside the 
interactive space to help with social organization and planning.
2.1. Tangible interaction as assistive technology for elderly people
Gamberini et al. [10]have created an interactive tool consisting of a tabletop computer with pens to interact with 
the table in order to engage elderly people in social activities and training of specific cognitive abilities. Jung, Kim, 
Park and Kwon [11] also created a tabletop game with multiple tangible objects. The system is designed to both 
improve gross motor skill and cognitive functions, and a cookie making game was designed for the system. Five 
experts evaluated the system found it suitable for cognitive training. A prototype of another tabletop game based on 
the Air Hockey was created by Marques, Nunes, Silva and Rodrigues [12] and aimed to stimulate cognitive and 
motor systems. Results indicate that tangible objects can be a viable option to stimulate cognitive function and 
motor skills, and that those with greater decline in motor skills often moved their arm energetically without being 
told to do so.In a paper by de la Guía, Lozano and Penichet[13], the focus is also on cognitive rehabilitation. Their 
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system uses NFC tags paired with pictures, a NFC reader, monitor and a touch screen for making games. The system 
is designed to provide cognitive rehabilitation and stimulation for patients with Alzheimer and dementia. Criel, 
Geerts, Claeys and Kawsar[14]are however more focused on everyday activities and use NFC cards to let elderly 
people program their own smart house behavior. This system helps elderly people to remember andit can be used to 
turn on the light above the garbage can to help elderly remember to take out the garbage. Häikiö et al [15] also use 
NFC technology and investigate user experiences of elderly people using a touch-based system for ordering meals, 
where the user scans a NFC tag representing a meal with their phone. This paper takes some age impairments into 
consideration and state that impaired motor skills do not prevent or complicate the use of the system. The system 
can also reduce the cognitive load by allowing a direct and natural interaction.
3. Framework for spatial interaction
Hornecker[16] presents parts of a design framework for collaboratively used tangible interactions systems, and 
mentions spatial interaction as an interaction that is embedded in real space. We are spatial beings that live and meet 
each other in space, and our body is a reference point for perception. “Spatial interaction is observable and often 
requires performative aspects” (p. 26). Design of TUIs can use the qualities of space and the resources it offers. 
Hornecker and Buur[3] further developed a design framework for tangible interaction consisting of four themes; 
tangible manipulation,spatial interaction, embodied facilitation and expressive representation. Our focus is on spatial 
interaction which in this framework is divided into five concepts: inhabited space, configurable materials, non-
fragmented visibility, full-body interaction and performativeaction. 
Inhabited Space (IS) refers to if the space is a meaningful place, and if people and objects meet. This concept 
should not be a problem regarding any age impairments, as long as you have the ability to meet objects. This 
concept covers a lot of ground as long as there is a meaningful place, and there are systems covering these concepts 
that are not suitable for elderly, but it is not easy to point out any age impairments directly involving this 
concept.Configurable Materials (CM) refers to the meaningful re-arrangement or movement of materials in the 
environment. This does not only include movement of objects, but can also include the movement of your body. 
This concept is in many ways wide and there are multiple age impairments that can complicate the use of this 
concept, depending on the system. Declines in motor control can make it hard grab small or big objects [17], and if 
your struggling to move it can be hard to use the interface if its relies on the movement of the body. Declines in 
working memory [18] can make a system that involves multiple steps that need to be followed complicated, and 
declines in spatial cognition can cause more trial and error if the system involves placing objects in a very strict 
way.Non-fragmented Visibility (NFV) refers to a space's ability to allow everybody to see what’s happening without 
fracturing the picture. Visual impairments can make it harder to see, but systems should compensate for that. It can 
also be harder to follow the visual reference with declines in the working memory. The tabletop game mentioned 
[10] in the previous section is a good example of non-fragmented visibility where everybody can see whats 
happening on interface.Full-Body Interaction (FBI) involves large and expressive movement that has a meaning in 
interacting with a system. This can involve the use of your whole body. The use of large movement or the whole 
body is significantly harder for elderly with motor impairments or muscle weakness which is a dominant risk factor 
for falls [19]. Performative Action (PA) refers to that your actions or movement can be used as a communicative 
effect which can be used to trigger an action. The most prominent age impairment would in this case be motor 
control. Actions that previously was easy to do can get harder with increased age because of declines in sensitivity 
and motor control, forcing the use new actions.
4. Method
In this section, we present four particular prototypes from our own empirical context. We use the framework 
from the previous section to categorize our prototypes within the theme of spatial interaction. For each prototype we 
have used traditional aging symptoms and the aforementioned framework to derive metrics that can help us 
investigate and analyze the different spatial aspects of the prototype. The prototypes have been tested through a 
formative usability test in controlled environments in our design laboratory. We recruited a gender-neutral group 
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consisting of 14 participants from the HCI community, namely faculty, research fellows and graduate students, and 
the aim of the study was to explore whether building test metrics around the spatial aspects of the prototype could 
provide insightful feedback on the design of our prototypes.
4.1. Empirical context
This study is part of a larger long-term research project focusing on newly acquired welfare technology in local 
care homes in Oslo Municipality, and the prototypes are designed to fit the smart homes of elderly people residing in 
their individual apartments in a local care home facility in Oslo. The local care home consists of 91 individual 
apartments for elderly people, and is organized with common reception, cantina and recreation room. Outside of 
their apartments they have immediate access to basic services such as hairdressing, foot therapist, gym and cinema, 
and they also have a cantina where they serve dinner every night. The local care home aims to be a smart house, and 
each apartment is built to actively utilize technology in order to prolong the time elderly people can remain 
independent in their own homes before being admitted to a nursing home. Each individual apartment comes pre-
installed with a set of new technologies, including automated lighting, heating and ventilation control, stove guard, 
electrical sockets with timers, motion sensors in all rooms, video calling, door locks with radio-frequency 
identification (RFID), and a customized tablet.
4.2. Prototypes
T-Radio is a regular radio that is operated with the help of wooden blocks. Each wooden block carries the logo of 
a radio channel and when placed on top of the radio, the radio plays the corresponding channel. Removing the 
wooden block turns off the radio. The volume is set to a predefined level selected by the user, and should
accordingly not require adjustment under normal circumstances. The design idea behind the radio was to simplify 
the required interaction from elderly people who wanted to listen to the radio by removing small buttons and 
difficult frequency sliders. Elderly people suffering from decline in fine motor skills struggle with smaller buttons 
and fine-tuning mechanisms, and remembering and adjusting frequencies require cognitive abilities beyond the 
active capabilities of many of the elderly people within our empirical context. As the analogue FM broadcasting is 
scheduled to be phased out of operation within 2017, operating a radio will require even further cognitive capacity 
as users will have to learn new frequencies to find their favorite channels. Finally, many current commercial radios 
have too small print or screen text for elderly people suffering from visual impairment to read, and by removing the 
need for buttons and screens, it only requires physical configuration of a wooden block to function. The screenless 
and buttonless interaction mechanisms and the design of the T-Radio requires only placement of blocks on top of the 
radio and we have placed it in the configurable materials (CM) category.
LightUp is a prototype built to help elderly people with regulating the heating levels in their homes, as well as 
adjusting the color intensity of the light in the home based on how the residents are feeling. By equipping elderly 
residents with a temperature sensor, their body temperature can automatically function as input to the heating- and 
ventilation control systems that are preinstalled in their apartments. In addition, LightUp can adjust the lighting in 
the room to reflect on the body temperature of the resident by automatically adjusting the lighting in the room when 
the body temperature moves outside normal levels. One or more specially designed light bulbs adjust their intensity 
(Kelvin) based on how cold or warm the person is feeling. If the resident is feeling cold, the bulb will turn to a 
colder color (9000K), and if the person is feeling warm, it will fade to a warmer color (2500K). The idea behind 
LightUp is to assist the prospective memory of elderly people suffering from cognitive disabilities by actively 
reminding them to adjust the temperature in the room, and if they were to forget, it can automatically set the correct 
temperature for them. In addition, we see that elderly people undergo dips in their metabolic rate and therefore end 
up feeling colder and may simultaneously be more exposed to related illnesses such as hypothermia. Since LightUp 
does not require any actions itself, it is a part of the natural movement of the user; hence we have placed it in the 
performative action (PA) category.
The elderly people staying at the local care home currently have to pay per meal when they eat their dinner in the 
common cantina. Similarly, the have to pay for hairdresser, foot therapy, trainer and other services they use within 
the local care home. The goal with Payless is to extend the use of their personal RFID key cards that currently 
unlock their apartment with payment functionalities. We want to build on this card as it is already a wearable device 
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that all residents carry around their neck at all times, and its use does not introduce any new interaction mechanisms. 
Payless has the potential to be of great use to elderly people who are struggling with manual payment due to reduced 
fine motor skills, difficulties remembering their PIN, or trouble with screens due to visual impairment, to use 
services around in the local care home that requires payment. Safety is ensured by having the key card display an 
image of the owner behind the cashier’s desk, and the cashier can verify their identity before approving the purchase. 
The card itself has no value outside of the local care home. The rest of the setup involves a big screen behind the 
cash register where the elderly person can verify the amount before beeping their RFID key card at the cashier’s 
desk for moneyless purchases. Because this prototype finds its meaning in situated places rather than spaces, and we 
believe this prototype to further enhance the atmosphere of the place in which it exists, we argue that this prototype 
belongs in the inhabited space (IS) category.
Each apartment currently comes preinstalled with a 10” tablet that helps the elderly people arranging, planning 
and keeping an overview of everyday activities. It also provides basic opportunities for communication, namely 
telephoning and text messaging, as well as entertainment services, e.g., radio and an Internet browser. Finally, it 
allows them to order meals from the downstairs cantina straight from the device. However, the tablet comes pre-
installed with a wall-mounted charger with a docking station that few elderly people manage to use due to the 
precise docking procedure required. The components are small and difficult to spot for those suffering from visual 
impairments. Most elderly people residing in the local care home are struggling with fine motor skills, and few have 
the strength required to lift and maneuver a 10” tablet with just one hand. The number of broken charger plugs has 
consistently been high due to this difficult charging process. Natural Charge is a prototype exploring optional ways 
of charging the tablets with the help of wireless induction charging. A total of seven induction chargers with varying 
colors, shapes and sizes were included in the search for the best charging configuration. They goal of this design 
case is to find the interface that best supports charging of the tablet by allowing the residents to select the 
configuration that suits their natural movements and capabilities the best. It further demonstrated how different 
interfaces can serve the same purpose and how different people have different preferences when you study "natural" 
movements. This prototype seeks to utilize the natural movement of the user and therefore belongs in the 
performative action (PA) category. Figure 1 shows the four prototypes mentioned in this section.
Table 1.Overview of the four prototypes with the corresponding category of spatial interaction and metric used during evaluation.
# Protoype Aging compensation Main category Metrics
1 T-Radio Declines in fine motor skills, Visual 
impairment, Decline in working memory
Configurable 
materials (CM)
Preferred material, meaningful placement, best 
placement height, marking position




Warmness of color, coldness of color, color
representation, environmental representation




Fine motor skills, visual decline Performative 
actions (PA)
Natural movements, meaningful placement and 
preferred model
Fig.1. (a) T-Radio; (b) LightUp; (c) Payless; (d) Natural Charge.
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5. Results
Since the goal of this paper is to discuss how we can explore the spatiality of tangible interaction during 
prototyping, we do not present any detailed explanation or interpretation of the test results gathered from our users. 
The reason for including the test data from the users is to give an overview of how we used these metrics to collect 
opinions on various aspects of the spatial dimension of the proposed prototypes. Table 2presents an overview of the 
different metrics used for the prototypes, as well as the corresponding category of spatial interaction. The user table 
on the right demonstrates what types of answers that were collected.
Table 2.Overview of the different metrics evaluated for each prototype.
User #
Metrics Category 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Prototype 1: T-Radio
Preferred material CM W W W W W W W W O O O O O O
Meaningful placement IS T M O T T M O O D A T T A T
Best placement height IS C C C O O O O O O O O O O O
Marking position NFV F I I I P I P P F P I P P P
Prototype 2: LightUp
Warmness of color PA 25 25 26 25 25 27 30 25 24 24 20 30 24 25
Coldness of color PA 15 15 19 16 18 19 15 19 19 17 14 14 17 15
Color representation NFV C O O C C O C C C O C O O O
Environmental representation IS C C O O C O O C C O O C O O
Prototype 3: Payless
Bodily position FBI C C C O O O C O O O O O O O
Relative position IS C C C C C O C O O O O O O O
Information visibility NFV C O O O O O O C C O C O O C
Prototype 4: Natural Charge
Natural placement IS 3 6 3 5 6 5 6 7 1 4 6 6 3 5
Preferred model PA 3 6 5 5 5 5 3 5 5 5 6 1 2 1
























As we can see from Table 2, the spatial dimension of interaction can be studied through many aspects.For some 
metrics, we only explored whether the users felt any adjustments were necessary, e.g., best placement height on the 
T-Radio or color representation of the light bulb of LightUp, while we for other had more open-ended questions, 
e.g., meaning placement for T-Radio. For LightUp we had to use a quantified measure to find the appropriate levels 
of warm and cold sensations, and for Natural Charge, the prototypes were evaluated in a comparative manner where 
we evaluated 7 different prototypes, hence the numbers reflect the model number.
For T-Radio we focused on the material and placement of both the radio itself, as well as the position of the 
wooden blocks that initiated the interaction. There were no other suggestion on preferred material than wood (W), 
but there was a stronger difference in opinion on placement, both in the relative position between the radio and the 
blocks, as well as the preferred position of the radio. Only 3 of the participants desired change to our placement 
height, while there was no clear consensus on the meaningful place (top, middle or down) or marking position 
(frame, inset or podium). To test the relationship between the users and the environmental temperature, we asked 
participants to identify temperature values for warm colors and cold colors, as well as to what extent our color levels 
signaled correct bodily state. 7 out of 14 did not like our color representation, and 6 out of 14 felt we missed the 
environmental representation. Hence, we got important feedback on the human-object-environment relation through 
these results.For Payless we focused on the position of the body towards the RFID card reader, as well as its body 
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relative to the screen and the cashier. We can image different result with elderly people in need of assistive devices 
(e.g. walkers or crutches), but in our expert group only 4 of 14 wanted changes based on their bodily position, while
6 of 14 wanted change to the relative position. We also studied whether the fragmentation of information due to 
multiple interaction components interrupted the information visibility and only 5 of 14 wanted changes to the 
design. We used 7 different prototypes to evaluate the design of the Natural Charge. We asked the participants to 
select the spatial configuration that gave the best natural placement, and we asked the participant to select their 
preferred model. As we can see in Table 2, this was highly subjective, and there were internal agreement between 
the participants, even though model 5 and 6 got the best overall score. We finally asked the participant to list all the 
models that felt natural in the sense that it could be part of a movement they would naturally perform anyway, from 
which we learned that model 1, despite only being the preferred model of 2 participants, was unanimously perceived 
as natural.
6. Discussion
This paper focuses on how we can explore the spatiality of tangible interaction during prototyping, with a focus 
on the spatial interaction of assistive technologies made for elderly people. An important challenge in our empirical 
context has been to compensate for age impairments among this participant group. In this paper, we have explored 
ways of investigating the spatial dimension through our four tangible prototypes. The framework of Hornecker and 
Buur[3] consists of multiple themes, and spatial interaction is one part of it, however spatial interaction requires a 
high level of attention during the design in order to support elderly people living independently at home. 
Previous research has provided examples of positive experiences with tangible interaction in the context of 
assistive technology for elderly people. For instance, Marques et al. [12] present results that indicate that tangible 
objects can be a viable option also for elderly people, and the work of Häikiö et al. [15] presents a prototype where 
motor skills impairment does not increase the perceived difficulty of the system. However, these papers are built 
around the general concept of tangible interaction rather than with a fixed focus on the spatial interaction, even
though they fulfill all the characteristics specified in Hornecker and Buur’sframework [3]. This is also observable in 
the work of other researchers, e.g. de la Guía et al.[13] or Criel et al. [14], where presented prototypes fit the 
description of spatial interaction, yet there is little talk about the concept of spatial interaction. 
By investigating what actions and movements that felt natural to the participants in our own empirical context, 
we strived to make our design blend into the daily routines of the elderly people. The use of configurable materials
does not necessarily have to be any harder than moving a cup of coffee if we can learn the habits and routines of the 
participants. Similarly, we can find performative action to that allows us to give new functions to old habits. By 
building our design around familiar interfaces, we can provide interaction mechanisms that are easier to comprehend 
and operate. The biggest challenge when designing for elderly people within this theme of spatial interaction is that 
age impairments (e.g. decline in sensitivity and reduced motor control) can make old habits and natural movements 
harder to perform. For instance, elderly people are more sensitive to cold and the indoor temperature should not drop 
below 18 degrees Celsius [20]. Fernaeus et al. [6] presents an example of how a thermometer can be used to 
determine the warmth of water before taking a bath, and by interacting with a system that reads temperature over 
time we could create mappings between numbers on the thermometer and the bodily experience of touching the 
water. In a similar fashion, LightUp could be calibrated to fit the individual user by creating mappings of 
temperatures and how we experience the lights temperature. Different age impairments may require different spatial 
reconfigurations, and it is important to be able to adapt a system to the individual user or user groups. The rapid 
changes of the aging bodies alter the human-object, as well as the human-context relationship, something which 
encourages us to build systems that can adapt to changing needs. In addition, there is also a high level of subjectivity 
in the preferences of the spatial reconfiguration; what is natural for one person is not necessarily perceived as natural 
for another. We saw this in our research during the evaluation of the Natural Charge where in the test of 7 different 
induction chargers, the preferred model did not converge. Nor did more than 2 participant select model 1 as their 
favorite model, despite that particular model being the only one that felt natural to all participants. Finally, by 
utilizing inhabited we canenhance the atmospheric value of established places by opening up to new opportunities. 
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Payless demonstrates how familiar and established places with meaning can become even more meaningful by 
building interaction on top of them. 
7. Conclusions
In this paper, we have explored how we can investigate spatial interaction during prototyping of assistive 
technology for elderly people based on tangible interaction. We have used the definition of spatial interaction from 
the framework of Hornecker and Buur[3]. We have used the five categories that make up spatial interaction to 
describe and analyze four prototypes from our own empirical context. Through our prototypes, we have 
demonstrated the importance of considering the spatial aspect of TUIs. Findings from our usability testindicate that 
there is a high level of subjectivity regarding preferences in the configuration of the prototypes which complicates 
designs that aim to fitall elderly people. We did however find some configurations that were natural to the majority 
of our participants. In the future, we plan to test our prototypes with participants within the intended user group. 
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